We investigate optical, infrared, and radio active galactic nucleus (AGN) signs in the merger remnant Arp 187, which hosts luminous jets launched in the order of 10 5 yr ago but whose present-day AGN activity is still unknown. We find AGN signs from the optical BPT diagram and infrared [OIV]25.89 µm line, originating from the narrow line regions of AGN. On the other hand, Spitzer /IRS show the host galaxy dominated spectra, suggesting that the thermal emission from the AGN torus is considerably small or already diminished. Combining the black hole mass, the upper limit of radio luminosity of the core, and the fundamental plane of the black hole enable us to estimate X-ray luminosity, which gives < 10 40 erg s −1 . Those results suggest that the AGN activity of Arp 187 has already been quenched, but the narrow line region is still alive owing to the time delay of emission from the past AGN activity.
Introduction
A link between active galactic nuclei (AGN) and major galaxy mergers has been seen in luminous infrared galaxies (e.g., Sanders et al. 1988) . Radial streaming motions during a merging event can efficiently feed gas to the central black hole (BH), and trigger AGN in late-stage mergers (e.g., Hopkins et al. 2006; Narayanan et al. 2008) . The final stages of mergers are accompanied by a blow-out phase, expelling gas and dust into the intergalactic medium and quenching the star formation (e.g., Hopkins et al. 2008) . Recent numerical simulations that incude merger-driven fueling and "AGN feedback" reproduce several observed properties of the galaxy populations, such as the BH mass-bulge mass correlation or the rapid build-up of massive spheroids (e.g., Springel et al. 2005; Di Matteo et al. 2005) . Therefore, AGN feedback has gradually been recognized as an important process in the evolution of galaxies.
Arp 187 is a merger remnant at the distance of z = 0.04 (and the equivalent luminosity distance of dL = 171 Mpc). Using ALMA Cycle 0 observations, Ueda et al. (2014) find two 3 mm continuum components located at both sides of the nucleus of Arp 187, spanning 4 kpc. These components are identified as small scale radio jets from high-resolution VLA archival images at 4.9 GHz and 8.5 GHz, which clearly show the morphology of the radio lobes. Assuming the jet angle to the line of sight of 90
• and a typical expansion speed of radio lobes (0.1c ; Murgia et al. 1999; Giroletti & Polatidis 2009) , the kinematic age of the radio-jets is estimated to be 6 × 10 4 yr, which is quite young.
Although the similar candidates have been found recently in the relatively distant universe at z > 0.1 (e.g., Komossa et al. 2006) , as of our knowledge there are no candidates in the local universe with z < 0.1 due to their rare populations. Considering the properties above, Arp 187 is a good nearby candidate of AGN feedback study where AGN feedback has just started but not completed the star formation quenching (e.g., Matsushita (2006), respectively. Gray dots represent the data points of SDSS DR7 galaxies (Abazajian et al. 2009 ).
et al. 2015, for the molecular gas and the jet interaction study).
While Arp 187 has radio-jets, it is still not clear whether its AGN activity is still on-going due to the absence of previous studies. The most secure way to identify AGN is a hard X-ray observation, because there is no strong bias against absorption up to log NH ∼ 24.5 based on theoretical (e.g., Brightman & Nandra 2011) and observational studies (e.g., Ichikawa et al. 2012) . However, the 70-month integration of Swift/BAT 14-195 keV all-sky survey (Baumgartner et al. 2013 ) did not detect Arp 187, constraining the luminosity of log L 14−195keV ≤ 43.7. This suggests that AGN activity in Arp 187 might be already weaken and/or obscured. Infrared (IR) observations give us another secure way to find AGN since the AGN dust torus emission is dominated in mid-IR (Imanishi et al. 2011; Ichikawa et al. 2012 Ichikawa et al. , 2014 Ichikawa et al. , 2015 . Utilizing the Spitzer mid-IR imaging data, Ohyama et al. (2015) found AGN signs in the southern nucleus of NGC 3256 hosting molecule outflows (Sakamoto et al. 2014) . Alonso-Herrero et al. (2012) observed Spitzer/IRS 5-38 µm spectra of LIRGs and decomposed the spectra into starburst (SB) and AGN components using a SB galaxy template and clumpy torus models (Nenkova et al. 2008 ) supported by observations (Gandhi et al. 2009; Ichikawa et al. 2012; Shirahata et al. 2013; Markowitz et al. 2014; Asmus et al. 2015) . In this letter, we report the investigation of AGN activity embedded in Arp 187 through the optical, IR, and radio-band studies. Throughout the paper, we adopt H0 = 70.0 km s −1 Mpc −1 , ΩM = 0.3, ΩΛ = 0.7.
Optical Spectra
The optical spectra enable us to disentangle type-2 AGN and starburst galaxy using the optical line ratios. Considering AGN have harder spectra than the galaxies, the line ratio with a different ionization potential gives a good separation between the narrow line region (NLR) gas ionized by AGN and HII region (called BPT diagram; Baldwin et al. 1981; Veilleux & Osterbrock 1987) . We examined an archival optical spectrum obtained by the 6dF galaxy survey (Jones et al. 2009 ). It is noted that the spectra of 6dF survey are not properly flux calibrated, but the flux ratio of adjacent lines is still useful. The spectrum covers a range from 3900Å to 7500Å with the fiber aperture of 6.7 arcsec (equivalent to ∼ 5.6 kpc at z = 0.04). Although there is a clear detection of crucial line sets for the BPT diagram including Hβ, [OIII]λ5007, Hα, and [NII]λ6583, one should use caution to obtain Hβ line flux as the additional spectral decomposition is necessary to estimate how much the Hβ absorption line from the host galaxy affects the observed Hβ emission line. Therefore, we used [N II]λ6584/Hα only because the concern above should be negligible for these two lines (e.g., Lee et al. 2011) . The left panel of figure One caveat for this result is that the stellar absorption at the Hα line could affect the position of BPT diagram. To check this effect, we measured Hα absorption strength from the spectrum template of elliptical galaxy in Kinney et al. (1996) , resulting the estimated equivalent width is small with ∼1Å. Considering Hα equivalent width of Arp 187 is ∼20, the effect is only ∼5%, shifting the ratio of [NII]/Ha from 0.79 to 0.74. This does not change our main result. Another caveat is that the observed [N II]λ6584/Hα could be shifted by a radio-jet shock excitation. Allen et al. (2008) showed that fast shock can mimic the position of the source into the AGN locus in the BPT diagram if the galaxy emission is fully dominated by shocks. However, in reality, shocks rarely dominate a galaxy's global emission (e.g., Kewley et al. 2013) . Using the large sample of radio-loud and radio-quiet AGN in the SDSS survey, Kauffmann et al. (2008) showed that both AGN locate remarkably similar positions in the BPT diagram, suggesting that the radio-shock contribution could be negligible for most of the radio-loud sources in the local universe. Further checks on the radio-jet contribution will be explored after obtaining the flux calibrated high spatial optical spectra or Integral Field Unit (IFU).
IR Spectra

Spitzer /IRS spectra
We obtained Spitzer/IRS low-resolution 5.0-38.0 µm spectra from Cornell Atlas of Spitzer/IRS Sources (CASSIS; Lebouteiller et al. 2011) . As CASSIS identified Arp 187 as an extended source with a spatial extent of 4.5 arcsec, it used the extraction aperture width which scales with the spatial extent to account for all of the source's flux. 
Thermal emission from AGN torus
We decompose the IRS spectra into a combination of stellar direct, host galaxy, and AGN. We use the IDL routine of Hernán-Caballero et al. (2015) called DeblendIRS. It prepares a linear combination of three spectral templates of AGN, the stars ("STR"), and the interstellar medium of the host galaxy ("PAH"), all of which are selected from a large library of IRS spectra from the sources with "pure-AGN", "pure-stellar", and "pure-interstellar" spectra. A further description of the decomposition method is given in Section 2 of Hernán-Caballero et al. (2015) . We apply this spectral decomposition routine to the obtained IRS spectra. We only use the IRS short band (5.0-14.0 µm) to follow the same manner as Hernán-Caballero et al. (2015) . They noted that it is difficult to distinguish between the continuum emission of the AGN and the host at the longer wavelength with λ > 14 µm. In addition, the fraction of the total continuum from the AGN decrease drastically at longer wavelength with the combined effects of a steeply rising emission from dust heated by star formation.
In order to check whether an AGN component contribute to the IR spectra, we first fit the IRS only with STR+PAH component. The best fitting result is achieved with the STR contribution of 3.9% and PAH contribution of 96.1%. The PAH is the dominant component in the spectra as shown in Figure 2 . The resultant reduced χ 2 value is χ 2 /dof = 142.3/99 = 1.437. Then we fit the spectra again with STR+PAH+AGN component. The best fit is achieved with the STR contribution of 3.0%, PAH contribution of 95.5%, and AGN contribution of 1.6% with the reduced χ 2 value of χ 2 /dof = 139.8/98 = 1.427. The improvement of the fit based on the F-test shows that the probability is P = 0.196, which is larger than 0.05, suggesting that the addition of AGN component does not give significant improvement to explain the spectra. Therefore we conclude that the thermal emission from AGN is already weak or diminished in Arp 187.
One caveat is the possibility that the thermal emission from AGN is hidden within the scatter of the IRS spectra. The averaged S/N at each bin of the spectra with ∼ S/N = 10 enables us to give an upper limit of AGN torus thermal emission. The upper limit of AGN 12 µm luminosity is L12µm = 1.5 × 10 42 erg s −1 . Using the L 2−10keV -L12µm luminosity relations of nearby Seyfert galaxies obtained by Gandhi et al. (2009) , L 2−10keV = 2.8 × 10 42 erg s −1 . The estimated BAT X-ray luminosity is L 14−195keV = 5.9 × 10 42 erg s −1 using the ratio of 2.1 under the assumption of photon index of Γ = 1.9 (Nemmen et al. 2011 On the intrinsic nuclear AGN activity, final check should be done by direct high sensitive X-ray observations. NuSTAR (Harrison et al. 2013 ) and/or ASTRO-H (Takahashi et al. 2014) give us the detailed information including the hard X-ray (E > 10 keV) band (Brightman et al. 2015) . The spectra can be obtained in 3-70 keV band with 40 ksec exposure up to NH < 10 24 cm −2 under the assumption of photon index of Γ = 1.9 (Nemmen et al. 2011) . Even in the Compton-thick case with NH ≤ 3 × 10 24 cm −2 , the detection can be achievable with the S/N= 4.5 around 10-20 keV band. Therefore, the future Xray observations are effective and highly encouraged to confirm whether or not the AGN activity exists in Arp 187.
Another caveat is the contamination from the jet synchrotron emission to the IRS spectra. We check the contribution of jetemission in the IRS band by extrapolating the power-law obtained from the radio bands between 80 MHz and 10 GHz from NASA/IPAC Extragalactic Database (NED). The contribution of the extrapolated IR emission is three orders of magnitude lower than the observed spectra by Spitzer/IRS, therefore we conclude the jet-contamination in the IRS band for Arp 187 is negligible.
Constraint of AGN activity through the BH fundamental plane
The fundamental plane of BH activity gives a relation among Xray luminosity, core radio luminosity and the BH mass (Merloni et al. 2003; Heinz & Sunyaev 2003; Yuan & Narayan 2014) . Based on the nucleus K band photometry in Rothberg & Joseph (2004) , Arp 187 has a stellar mass of M stellar = 1.3 × 10 11 M⊙
with Sérsic index of n = 4.1, suggesting that Arp 187 has a bulge dominated galaxy. Therefore, M bulge ≃ M stellar . Using the MBH-M bulge scaling relation of Kormendy & Ho (2013) , the estimated mass MBH = 6.7 × 10 8 M⊙ is given. The central core ( < ∼ 0.42 arcsec, which is equivalent to < ∼ 300 pc) of Arp 187 is not detected in the VLA 4.9 GHz archival image, and the 3σ upper limit of the radio flux is 210 µJy, corresponding to LR ≤ 3.7 × 10 37 erg s −1 . Combining those two parameters and the equation of the updated fundamental plane of Gültekin et al. (2009) enables us to derive the upper limit of 2-10 keV luminosity with L 2−10keV < 6.6 × 10 36 erg s −1 .
Some studies suggest that a low-Eddington case might follow the different fundamental relation (Yuan & Cui 2005) . The nucleus of Arp 187 could be in those cases. Applying the relation of Yuan & Cui (2005) gives a larger upper limit of L 2−10keV < 4.0 × 10 39 erg s −1 . Either case is consistent with the result of very weak or absent of thermal emission of AGN discussed in Section 3.
Discussion and Summary
We discuss the results of our optical, IR, and radio studies. While Arp 187 hosts small jets with the age of ∼ 6 × 10 4 yr, the non-detection of the radio-core and weak or diminished thermal emission from AGN torus in the IR band prefers the absence of an AGN activity in Arp 187, therefore we conclude that the galaxy's central engine has decreased the energy output by at least a few orders of magnitude within 6 × 10 4 yr.
The results of optical BPT diagram and the marginal detection of [O IV]25.89 µm indicate that the NLR of Arp 187 is still alive. Considering the size of NLR is larger for three to four order of magnitude (1-10 kpc) compared to the thermal emission region (called torus; < 10 pc; Burtscher et al. 2013 ) of AGN, NLR activity traces the past activity at least 10 4−5 yr ago considering the light travel time from the central engine to the NLR (same method was employed by the authors of Dadina et al. 2010; Keel et al. 2012) . This is consistent with the sign of past activity in the radio-jet and its age is 6 × 10 4 yr. Combining all the results, AGN in Arp 187 was active at least 10 4−5 yr ago, but it is already quenched now and only the extended area leaves the signature of past AGN activity. The similar type of populations were reported previously. One is called changing-look AGN. LaMassa et al. (2015) reported the fading AGN that experienced over one order of magnitude optical/X-ray flux declining within 10 yr and drastic disappearance of broad Hβ component. This change might be caused by the declining of accretion rate (Elitzur et al. 2014) . Another similar population is called "Hanny's Voorwerp", which has a faded central engine, but the larger scale NLR emission has been seen as the light echo of AGN (Lintott et al. 2009; Keel et al. 2012; Schawinski et al. 2015) . These studies of Voorwerps estimate the quenching time scale to 10 4−5 yrs via the geometry of their spatial extent.
One question arises how the sudden quenching of AGN occurs within 10 4−5 yr. Schawinski et al. (2010) discussed the possibility of such short quenching time scale of AGN with an analogy of X-ray black hole binary study. State changes of GRS 1915+105 with a BH mass of 10 M⊙ occur with the time scale of 1 hr. Extrapolating the BH mass-time variation relation above to Arp 187 with MBH = 6.7 × 10 8 M⊙, the state change can occur with the time scale of ∼ 10 4 yr, which is in accordance with the estimated time scale from NLR and radio-jet within an order of magnitude. This also may support that Arp 187 has experienced the state transition from a high state to a radiatively inefficient state where the energy is released mainly as kinetic energy (Ichimaru 1977; Narayan & Yi 1994) . The presence of a radio-jet also favors the hypothesis above if the launch of the jet is associated with the state change. Arp 187 is a good nearby candidate for future observations of both central engine with Nustar, ASTRO-H and the host galaxy with ALMA to answer how the AGN is going to die and affects the environment of the host galaxy.
